The 'Dextrostix'-reflectance meter system for blood glucose analysis has been evaluated using a blood glucose reference method. A high degree of concordance between the two methods was obtained when analyses were performed by skilled laboratory staff on venous blood samples containing fluoride, with a 7S s contact time.
An accurate knowledge of blood glucose concentration is often helpful and sometimes necessary in the management of diabetic patients and in the diagnosis of hypoglycaemia in adults and neonates. These assays constitute a significant proportion of out-of-hours and urgent work, in regard to inpatients, performed by most clinical chemistry laboratories and may be required quickly in diabetic out-patient clinics at some distance from clinical chemistry departments. Thus, an accurate method whereby the blood glucose concentration might be measured rapidly and 'on the spot' by staff without specialist chemical technology would be useful.
The introduction of 'Dextrostix' (Ames Co.) in 1964 provided a method, based on the specific glucose-oxidase technique, which fulfilled the criteria of speed and specificity and which could be used for capillary blood glucose assay by relatively inexperienced staff. However, it was shown to have serious limitations due, at least partly, to observer error in comparing the colour developed in the reaction with a series of standard colour blocks (Mazzaferri et al., 1970) . With a view to eliminating this subjective comparison, a simple reflectance meter has been developed to assess the colour change in the 'Dextrostix', We have carried out a series of comparisons of blood glucose assays performed by the 'Dextrostix'-reflectance meter method with those carried out by a reference blood glucose method. These comparisons include the use of venous blood samples with sodium fluoride added. A comparison has also been made between the performance of two members of staff who had no previous laboratory training and a senior member of the technical staff of the Department of Clinical Chemistry. puncture of the thumb pulp and comparison made by assay of a sample of venous blood taken at the same time. Venous blood samples were obtained from antecubital veins and collected into tubes containing fluoride ion. In one series of experiments, tubes were specially prepared so that each contained 1.6 mg sodium fluoride and 5 mg potassium oxalate. Exactly 2.0 ml of blood was added to these; final fluoride ion concentration 0.4 mg/ml, In a second series of experiments, tubes containing fluorideoxalate (Stayne Laboratories Ltd., High Wycombe) were used. Exactly 2.0 ml of blood was added, the final concentration of fluoride ion being 0.9 ± 0.1 mg/ml blood.
The 'Dextrostix'-retlectance meter technique used consisted of carefully covering the impregnated area of the 'Dextrostix' with blood and, after a precisely measured time interval, sharply washing the blood off with distilled water. The 'Dextrostix' was then carefully blotted dry. The meter was calibrated by using the single standard strip (equivalent to 110 mg/l00 ml) supplied with the instrument and the colour developed in the test strip read by inserting the active end into the meter and depressing the switch. Assays were performed by a senior member of the laboratory technical staff (operator A), by a senior member of the nursing staff (operator B), and by a medical registrar (operator C) from the Diabetic Clinic. None of these operators had previous experience of the assay technique and they all received identical training in its use.
Whole-blood glucose assays were also performed, by a glucose oxidase-peroxidase technique with gum guaiacum as final indicator (Morley et al., 1968) , using an AutoAnalyzer.
Blood glucose concentration in venous blood
Fluoride ion concentration 0.4 mg/ml, 60 s contact.
REsULTS
Blood samples were obtained from patients routinely reporting to the Diabetic Department. Capillary blood samples were obtained by clean 91
METHODS
Blood glucose assays were performed by the two methods. The contact time between application of blood to the 'Dextrostix' and washing it off was 60 s, Figure 1 shows the results of these assays (operator A), and Table 1 shows the statistical analysis of the results from the three operators. The correlation between the results obtained by the two methods was better where the 'Dextrostix' assays were performed by operator A than when they were performed by either operator B or C. The slope of the regression line of'Dextrostix' values on AutoAnalyzer values for each operator was less than 1.0. However, this slope was closer to 1.0 for the assays carried out by operator B who was noted to be performing the test incorrectly; she was allowing the blood to remain in contact with the 'Dextrostix' for longer than 60 s. Since it appeared likely that the glucose oxidase enzyme in the 'Dextrostix' was III being inhibited by the fluoride ion (a comparison of blood glucose analyses performed in blood, with fluoride and before addition of fluoride, showed approximately 10% reduction in the apparent glucose concentration), a series of studies was performed with an increased contact time. 75 s contact. A second series of assays was performed using a 75 s contact. The results of these assays (operator A) are shown in Fig. 2 and statistical analysis in Table 1 .The slope was not significantly different from 1.0 for any of the operators. The correlation of the results of the 'Dextrostix' assays with the reference method was significantly (0.01 < P < 0.05) better when the assays were performed by operator A than when performed by operator C, while the results from operator B were not significantly different from those of either operator A or C.
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-IPIWI! & . The data from each of the operators showed a positive intercept on the x-axis, This was equal to 13.0, 6.9 and 5.9 mglloo ml for operators A to C respectively. For operators Band C the difference from zero was not significant but for operator A it was (0.01 > P> 0.005).
Fluoride ion concentration 0.9 mglml. A comparison was made between 'Dextrostix' and the AutoAnalyzer technique, in which the blood samples were added to tubes containing fluoride and oxalate (Stayne Laboratories Ltd.), These assays were carried out by operator A. using 75 s contact (Fig. 3) . The slope of the regression line was not significantly different from 1.0 and the 'Dextrostix' blood glucose assay is based on the use of the enzyme glucose oxidase which confers a high degree of specificity to the technique. For this reason, experiments designed to assess the merits of 'Dextrostix' should use a method with a similar degree of specificity. This was not the case in previously published accounts of the 'Dextrostlx'-reflectance meter system in each of which the 'reference' method used was based on the reduction of ferricyanide (Mazzaferri et al., 1970; Jarrett et al., 1970; Balays et al., 1970) . While there is a statistical relationship between true glucose and reducing sugar methods, this relationship is not constant when these methods are applied to blood samples from individual patients. This is particularly true where diabetic patients are being assessed since the concentration of non-glucose reducing substances may change in the blood of hyperglycaemic diabetics.
The relationship between venous and capillary blood glucose concentrations is rather variable even under the best conditions (American Diabetes Association, 1969) and it is well known that in out-patients adequate free-flowing capillary blood specimens can be extremely difficult to obtain. For this reason, we have assessed the 'Dextrostix'-reflectance meter system when used on venous blood samples with added fluoride ion as preservative. The slope of the calculated regression line was significantly lower than 1.0 when samples were assayed using the standard 60 s contact time, but when the contact time was changed to 75 s the slopes for each of the operators were not significantly different from 1.0. This alteration in technique was not accompanied by any change in the correlation coefficients (0.966 and 0.962 for 60 and 75 s contact respectively in the case of operator A). Further, the relationship was maintained when venous blood was assayed following addition to the fluoride-oxalate containers used routinely in this hospital (Stayne Laboratories Ltd.). It must be stressed that this type of modification to the standard technique was only undertaken where the reference technique had a similar specificity to the one being modified: whether these results would be true when a comparison with reducing sugar methods was made would require experimental evaluation.
The correlation between capillary and venous blood glucose concentrations was significantly poorer than was the case when assays using 'Dextrostix' and the AutoAnalyzer were performed 
Blood glucose concentration in capillary blood
Capillary blood samples were taken from the thumb, and at the same time a venous blood sample was taken into the fluoride-oxalate tubes (F-concentration 0.9 mg/ml). The 'Dextrostix' assays were carried out by operator C. The results are shown in Figure 4 . The slope of the calculated regression line was not significantly different from correlation coefficient was similar to that found for results of operator A at the lower fluoride ion concentration. In this case the small negative intercept (-3.9 mg/IOO ml) was not significantly different from zero.
on each venous blood sample. The operator performing the capillary blood assays found difficulty in regularly obtaining a sufficiently large drop of blood to be sure that all of the active area of the 'Dextrostix' was covered with blood at the same time and thus having a well-defined starting point for contact. Small irregularities in contact time used and difficulty in obtaining adequate samples (which may have led to a limited amount of squeezing of the thumb pulp) are likely to be the main reasons for the poor correlation. This would lead us to recommend assay of venous blood samples if the 'Dextrostix'-reflectance meter technique is to be used.
The studies which we have performed demonstrate that the results of glucose assays performed by skilled staff correlated with the reference AutoAnalyzer method significantly better than when the assays were performed by unskilled staff and that the effects of unskilled staff making what appear to them relatively minor modifications in technique (e.g. small changes in timing) were to make the relationship between the methods unacceptable. On the other hand, in the hands of skilled, but previously inexperienced, staff the results of the assays with 'Dextrostix'-reflectance meter system correlated well throughout the period of the study.
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